False perception of the motions of the self and/or external objects in the physical world may be provoked by neurological disease or by unusual conditions of motion and environmental structure. For example, peripheral vestibular disease may result in the illusion that self and the environmental surrounds are rotating. In contrast, a normal subject whilst flying an aircraft, blind in cloud, may feel that he is flying on a straight course when in fact he is in a prolonged turn.' In both cases, the sensory inputs which are normally combined to provide an accurate model of the physical world provide false information because either the stimuli are unphysiological or important sensory information is lacking or distorted. The resulting misleading sense of movement and disorientation may be associated with other somatic symptoms such as nausea, sweating and a sense of anxiety and panic.2 This article documents an unusual group of four patients with minimal symptoms of neuro-otological disease who become disorientated when they drive a car in particular environmental conditions. For comparison, two others in whom steering was impaired by vestibular disease are described. The four patients presented to 
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Discussion
Six patients with neuro-otological disease are described in whom difficulties in driving a motor car constituted the major part of their symptomatology. This was the only complaint in three patients and one had other vestibular symptoms in the past only. The patients can be divided into two distinct groups; in cases 1-4 there was an overwhelming illusion that the vehicle was going off course, causing strong somatic symptoms of disorientation, nausea and panic. In contrast, in cases 5 and 6 the vehicle physically moved across the road in the direction appropriate to the patients vestibular disturbance (that is in the same direction as the Romberg and gait) without associated somatic symptoms. In the first four patients, the driving disturbance had consistent characteristics; the illusion of veering to the side was provoked preferentially when driving on open roads such as motorways with flat and distant borders. Conversely the illusion was suppressed when driving in built-up areas, in traffic or on roads with close high edges (hedges). Three patients experienced symptoms going over the brows of hills and descending hills; one could control the symptoms only if she knew the road and that the downward hill was not too long, as could another patient Page, Gresty if he knew that a favourable corner was approaching. All these patients were worse at higher speeds although the maximum tolerable speeds on any particular type of road could vary from week to week. Patients were able to drive and corner faster in built-up areas than in open areas. Patient 1 could drive at 40 mph in built-up areas but only 25 mph on bends on open roads; patient 4 could, at times, only drive at 10 mph. In each patient, the side to which the car seemed to veer and the direction of corners precipitating the symptoms remained constant. All patients thought the car was physically turning but only in patients 5 and 6 were the cars known to have moved off course. It was initially difficult to be certain about this point because, at first, all the patients were adamant that there was real unwanted movement of the car (two patients had their cars checked or changed) until they realised that the symptoms were being caused by an illusion. Three patients experienced a strong sensation of body tilt which they eventually realised initiated an illusion of turning. Eye closure (when a passenger) did not relieve the symptoms and three patients were worse with eye closure or in the dark.
Neuro-otological testing revealed abnormalities in each case; unidirectional spontaneous nystagmus in five, abnormalities of calorics in four and impairment of smooth pursuit in two. Pursuit abnormalities indicate a central lesion, however, in cases 3 and 4 it is difficult to localise the lesion with certainty. In the three patients tested by full-field optokinetic stimuli, the induced nystagmus was normal and symmetrical, however the subjective sensation of drum velocity and self-rotation was greatly increased and unpleasant when the circularvection was in the same direction as the perceived movement of the car off course. This was the only finding that corresponded with the directionality of the illusion.
Disorientation whilst driving is not a common complaint in patients with neuro-otological disease and this symptom is evidence of a particular set of abnormalities which render the patient susceptible. The common factors involved in the genesis of this disorientation syndrome are the proximity and quality of the background surroundings and the speed and direction of the vehicle. Near, highly structured background or the presence of other traffic has a protective effect on the individual's ability to corner or drive fast.
A theoretical explanation can be proposed to account for the illusions of turning, tilt or the feeling of being pushed sideways. Of first consideration, driving a car involves unusual visual and motion stimuli which do not occur in normal activities. is the same as one would experience standing on a platform away from any gravitationalfield which was accelerating at I G upwards). (A) Normal driver seen from behind when turning to his right, without tilt ofthe vehicle or driver. The linear forces experienced are G and a centrifugal force (CF) which arises from the centripetal acceleration (CA). The otoliths would signal an acceleration vector (OT). Ifa canal signal indicating tilt is absent the PREDOMiNATE subjective interpretation is ofcentripetal accelerationlcentrifugal force and not ofa tilted acceleration vector. (B) A more realistic interpretation of cornering in which the driver turns to the right, the vehicle tilts to the left under centrifugal force and the driver leans into the corner. Both canals (CAN) and otoliths are stimulated as the driver leans into the corner and the driver senses tilt. In leaning to the right he orients his longitudinal axis in the direction ofthe OT vector which is interpreted as the direction ofupright. If the corner was prolonged the canal signal would decay and, in the absence ofvisual cues, the driver would lose his sensej of tilt. (C) Hypothetical case in which a driver steering a straight course has an erroneous interpretation ofotolith signals (OT) with normal canal signals. This is similar to cornering without tilt and a possible consequence would be that he feels as though he were being pushed sideways. (D The symptoms described in patients 1 to 4 have some similarity to space phobia", which has been attributed in some cases to vestibular disturbances.
In case 9 of the series described by Marks,6 the patient felt pulled to one side and the road camber felt excessively steep. This patient had found herself on the wrong side of the road. Patient 3 of Marks and Bebbington7 also complained of steep road camber making driving difficult; this patient was exceptional for space phobia in not having a fear of falling. Neither of these patients had demonstable neurological disease. Patient 4 , in the present series, complained that there seemed to be an excessive gap of one or two feet between himself and the car door and this is a characteristic symptom of space phobia. It would appear probable that our patients share pathological mechanisms similar to those in the space phobia spectrum.
Cases 1-4 have all remained symptomatic but with some improvement after the first two years. The question arises as to why symptoms have persisted in these patients. Failure to compensate fully for peripheral or central vestibular disturbances can be attributed to abnormalities of cerebellar function or sensory inputs;' however, there is no evidence for these in our patients. Accordingly, it may be that these patients have not adapted to the specific provocative conditions because they are nonphysiological. In this respect, it is noteworthy that the patients were so distressed by their symptoms that they avoided prolongation or repetition of these conditions which would preclude full adaptation.
